Introduction

39
Phosphate and ammonium recovery is important from an environmental is operated by the University of Durham, EPSRC facility.
133
CEC was determined using a method similar to that of Brewer (2012), Gaskin et al.
134
(2008) and Yuan et al. (2011) . 20 mL distilled water was added to 1g of biochar and 135 shaken at 160 rpm for 10 minutes each in a water shaker bath (SW23 Julabo GmbH) 136 at room temperature and filtered through a Whatman Grade 1 filter paper. This was 137 repeated four more times, discarding the leachates each time. Biochars were 138 saturated with 10 mL of 1M sodium acetate (Alfa Aesar) with pH adjusted to 7 using 139 a few drops of glacial acetic acid, shaken at 160 rpm for 16 minutes and filtered. This 140 was repeated twice more, discarding the leachates each time, after which biochars 141 were rinsed with ethanol (Fischer Scientific UK) thrice for 8 minutes each at 160 rpm. Presscake from AD 10.1 52.6  11.5 5000 11,000 36,000 5000 4000
Mineral contents determined on dry basis (db) and reported in ppm.
246
Biochar CEC was generally similar before and after extraction but for the 600-650°C 
267
In this study, PO4-P at initial concentrations of about 400 mg PO4 3-L -1 were used,
268
and char PO4-P sorption capacities are presented in Table 3 . Most results had 269 coefficients of variation <5% but greenhouse waste samples consistently showed 
where qe and qm = amount of species adsorbed at equilibrium and saturated 
PO4-P adsorption was highest a few hours after sorption tests began with the 312 exception of 600°C greenhouse waste biochar (Supplemental Fig. A2 ). This is 313 contrary to other studies, which observed adsorption equilibrium concentrations after 314 24 h at room temperature (Wang et al. 2011; Zhang et al. 2012 ). This might be due 315 to the higher PO4-P concentration used in this study. Oak char kinetics followed a 316 more predictable pattern than greenhouse waste biochars, and based on linear 317 regression analysis, the pseudo-second order model provided the best fit. 
328
In this study, PO4-P sorption capacity increased with pyrolysis temperature, with the 329 exception of commercial oak and greenhouse waste biochars (Fig. 3) . This is in 
348
PO4-P desorption from chars in this study was minimal, hence PO4-P desorbability, Data fitted to kinetic models showed that the pseudo-second order model 361 consistently gave a closer fit compared to the pseudo-first order and intra-particle 362 diffusion models. While the latter two models gave average R 2 values of 0.53 and 363 0.28 respectively, the pseudo-second order R 2 values were higher (Supplemental 364   Table A1 ). Previous studies have also observed many metals and heavy elements fitted better than the intra-particle diffusion model. Based on their adsorption kinetics 367 data, simultaneous rapid surface adsorption of PO4-P and slower intra-particle 368 diffusion through the adsorbent occurred simultaneously.
369
Solvent extraction had variable effects on char PO4-P adsorption (Fig. 3) . PO4-P 
393
Subsequent adsorption tests with untreated biochars were however performed at a 394 higher initial concentration of about 1000 mg NH4 + L -1 and presented in Table 3 . (Table 5 ) compared to the pseudo-first order and intra-particle 401 diffusion models, although not an optimal fit in many cases.
402
Desorption of NH4-N after KCl extraction was minimal and this has been observed 
418
In terms of nutrient adsorption, it is becoming increasingly apparent that char surface 419 groups may play a more important role than surface area and porosity in both Battistoni, P., Carniani, E., Fratesi, V., Balboni, P., Tornabuoni, P., 2006. Chemical−Physical
